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(54) Apparatus for controlling internal combustion engine 



(57) While the amount of intake air introduced into 
an internal combustion engine (1) is being increased by 
an intake air quantity control unit (13), an ignition timing 
control unit (15) manipulates the ignition timing of the 
internal combustion engine to converge the rotational 
speed of the internal combustion engine to a target ro- 



tational speed according to a feedback control process 
(PI control process). The ignition timing control unit has 
a function to vary the feedback gain of the feedback con- 
trol process depending on the ignition timing, such that 
the feedback gain is smaller as the ignition timing being 
manipulated is more retarded. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] The present invention relates to an apparatus for controlling an internal combustion engine which emits ex- 
haust gases through a catalytic converter. 

10 Description of the Related Art: 

[0002] Catalytic converters such as three-way catalytic converters are disposed in the exhaust systems of internal 
combustion engines for purifying exhaust gases emitted from the internal combustion engines. Generally, such a cat- 
alytic converter cannot maintain a desired ability to purify exhaust gases unless its temperature rises to a level high 
15 enough to activate the catalytic converter. It is, therefore, important for the catalytic converter to achieve a desired 
level of exhaust gas purification immediately after the internal combustion engine has started to operate when the 
temperature of the catalytic converter is comparatively low. 

[0003] The applicant of the present application has proposed a technology for purifying exhaust gases when the 
catalytic converter has a relatively low temperature, as disclosed in Japanese laid-open patent publication No. 
20 10-299631 and U.S. patent application No. 09/063732. The proposed exhaust gas purifying system will be described 
below. 

[0004] When an internal combustion engine idles after it has started to operate, the amount of intake air introduced 
into the internal combustion engine is made greater than when the internal combustion engine idles normally, e.g., 
when the internal combustion engine idles after an automobile propelled by the internal combustion engine has traveled. 

25 Furthermore, after the amount of intake air has started increasing, a command value for the ignition timing of the internal 
combustion engine is generated according to a feedback control process (specifically, a PI (proportional plus integral) 
control process) in order to converge the rotational speed (actual rotational speed) of the internal combustion engine, 
which tends to increase due to the increasing amount of intake air, toward a certain target rotational speed. The actual 
ignition timing of the internal combustion engine is then controlled based on the generated command value, so that 

30 the ignition timing will be more retarded than normal. 

[0005] When the amount of intake air is increased and the ignition timing is retarded in the manner described above, 
the exhaust gases emitted by the internal combustion engine upon combustion of the air-fuel mixture have a greater 
amount of heat, and hence the catalytic converter heated by the exhaust gases is activated quickly. As a result, the 
catalytic converter is capable of achieving a desired purification ability quickly after the internal combustion engine has 

35 started to operate. 

[0006] According to the above proposed technology, when the rotational speed of the internal combustion engine, 
which tends to increase due to the increasing amount of intake air, is controlled so as to converge to the target rotational 
speed according to the feedback control process (hereinafter referred to as an "ignition timing control rotational speed 
F/B control process"), the ignition timing is controlled so as to be retarded while the rotational speed of the internal 
40 combustion engine is being maintained stably. Therefore, the amount of intake air can be increased and the ignition 
timing can be controlled independently of each other. In addition, the system for controlling the amount of intake air 
and the ignition timing can easily be constructed and simplified. 

[0007] The feedback gain of the ignition timing control rotational speed F/B control process, i.e., the rate of change 
of the command value for the ignition timing to the difference between the actual and target rotational speeds of the 
45 internal combustion engine (hereinafter referred to as a "rotational speed difference"), has heretofore been set to a 
feedback gain fixed with respect to the ignition timing, which has been determined by way of experimentation and 
simulation. Such feedback gain determination is equivalent in the PI control process to the determination of coefficient 
parameters relative to proportional and integral terms (gains of proportional and integral terms) as fixed values with 
respect to the ignition timing. 

50 [0008] The inventors of the present application have found as a result of further studies that the rotational speed of 
the internal combustion engine may possibly become unstable with respect to the target rotational speed according to 
the conventional technology. 

[0009] Various studies made by the inventors of the present application have revealed that the rate of a change of 
the rotational speed (actual speed) of the internal combustion engine to a change of the ignition timing tends to be 
55 greater as the ignition timing is more retarded. When a command value for the ignition timing is generated to converge 
the rotational speed of the internal combustion engine to the target rotational speed according to the ignition timing 
control rotational speed F/B control process, the command value is affected various operating conditions of the internal 
combustion engine. Consequently, the command value for the ignition timing and the actual ignition timing controlled 
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depending on the command value often become relatively largely retarded. 

[0010] When the ignition timing of the internal combustion engine is relatively largely retarded, a change of the 
command value for the ignition timing generated depending on the rotational speed difference becomes excessively 
large, meaning that the feedback gain of the ignition timing control rotational speed F/B control process is excessively 
5 large. As a result, the actual rotational speed of the internal combustion engine excessively changes to the target 
rotational speed, and the actual rotational speed becomes unstable (the actual rotational speed fluctuates in an oscil- 
latory fashion with respect to the target rotational speed). 

[0011] One solution would be to set the feedback gain of the ignition timing control rotational speed F/B control 
process to a relatively small gain. With such a relatively small feedback gain, however, insofar as the ignition timing 
10 has not been largely retarded, the quick response of the control process for converging the rotational speed of the 
internal combustion engine to the target rotational speed according to the ignition timing control rotational speed F/B 
control process is reduced. 

SUMMARY OF THE INVENTION 

15 

[0012] It is therefore an object of the present invention to provide an apparatus for controlling the ignition timing of 
an internal combustion engine according to a feedback control process to increase the amount of intake air introduced 
into the internal combustion engine and converge the rotational speed of the internal combustion engine to a target 
rotational speed while the internal combustion engine is idling after it has started to operate, for the purpose of quickly 
20 activating a catalytic converter coupled to the internal combustion engine, the apparatus being capable of achieving 
the stability and quick response of a control process for converging the rotational speed of the internal combustion 
engine to the target rotational speed irrespective of how the ignition timing is controlled. 

[0013] In order to accomplish the above object, there is provided in accordance with the present invention an appa- 
ratus for controlling an internal combustion engine which emits exhaust gases through a catalytic converter, comprising 

25 intake air quantity control means for increasing an amount of intake air introduced into the internal combustion engine 
when the internal combustion engine is idling after the internal combustion engine starts to operate, to a level greater 
than when the internal combustion engine is idling normally, ignition timing control means for generating a command 
value for ignition timing of the internal combustion engine according to a feedback control process in order to converge 
a rotational speed of the internal combustion engine to a predetermined target rotational speed after the amount of 

30 intake air introduced into the internal combustion engine starts being increased, and manipulating the ignition timing 
of the internal combustion engine based on the generated command value for ignition timing, and means for variably 
establishing a feedback gain of the feedback control process depending on the ignition timing manipulated by the 
ignition timing control means. 

[0014] With the above arrangement, when the ignition timing control means manipulates the ignition timing of the 
35 internal combustion engine while the amount of intake air introduced into the internal combustion engine is being 
increased by the intake air quantity control means, the rotational speed (actual rotational speed) of the internal com- 
bustion engine, which tends to increase due to the increased amount of intake air, is feedback-controlled at a prede- 
termined target rotational speed suitable for an idling operation of the internal combustion engine. The feedback gain 
of the feedback control process, i.e., the rate of change of the command value for the ignition timing to the difference 
40 between the actual rotational speed of the internal combustion engine and the target rotational speed, is variably 
established depending on the ignition timing manipulated by the ignition timing control means. Thus, the command 
value for the ignition timing for converging the rotational speed of the internal combustion engine to the target rotational 
speed can be made suitable for the manipulation of the ignition timing. As a result, the stability and quick response of 
the control process for converging the rotational speed of the internal combustion engine to the target rotational speed 
45 can be achieved irrespective of the manipulation of the ignition timing. 

[0015] Specifically, the means for variably establishing a feedback gain comprises means for establishing the feed- 
back gain such that the feedback gain is smaller as the ignition timing is more retarded. 

[0016] As the ignition timing being manipulated is more retarded, the rate of a change of the rotational speed of the 
internal combustion engine to a change in the ignition timing tends to be greater. Therefore, the feedback gain is 

50 reduced in a situation where the ignition timing is manipulated into a relatively largely retarded value. In such a situation 
where the ignition timing is manipulated into a relatively largely retarded value, when the difference between the rota- 
tional speed (actual rotational speed) of the internal combustion engine and the target rotational speed changes, a 
change in the command value for the ignition timing generated by the ignition timing control means according to the 
feedback control process is made small. As a result, the rotational speed of the internal combustion engine can smoothly 

55 be converged to the target rotational speed, rather than being abruptly changed to the target rotational speed. The 
stability of the control process for converging the rotational speed of the internal combustion engine to the target 
rotational speed can thus be achieved. 

[0017] Conversely, in a situation where the ignition timing being manipulated is advanced, the feedback gain is rel- 
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atively large. Therefore, when the difference between the rotational speed (actual rotational speed) of the internal 
combustion engine and the target rotational speed changes, a change in the command value for the ignition timing 
generated by the ignition timing control means according to the feedback control process becomes relatively large. As 
a result, the rotational speed of the internal combustion engine can quickly be converged to the target rotational speed, 
5 and hence the quick response of the control process for converging the rotational speed of the internal combustion 
engine to the target rotational speed can be achieved. 

[0018] The feedback control process comprises a proportional plus integral (PI) control process, for example. The 
means for variably establishing a feedback gain comprises means for varying the value of at least one of a coefficient 
parameter of a proportional term which is proportional to the difference between an actual rotational speed of the 
10 internal combustion engine and the target rotational speed, and a coefficient parameter of an integral term proportional 
to an integral of the difference, for thereby variably establishing the feedback gain. 

[0019] Specifically, if the feedback control process comprises a proportional plus integral (PI) control process, then 
one or both of the coefficient parameter of the proportional and integral terms are varied depending on the ignition 
timing which is being manipulated. The feedback gain can thus variably be set up depending on the ignition timing. 
15 [0020] The feedback control process may comprise a proportional plug integral plus derivative (PID) control process 
which takes into account a derivative term as well as the proportional and integral terms. Therefore, the proportional 
plus integral control process according to the present invention covers such a proportional plug integral plus derivative 
control process. 

[0021] The apparatus should preferably further comprises target-rotational-speed setting means for setting the target 
20 rotational speed by varying the target rotational speed from a preset rotational speed to an idling rotational speed after 
the rotational speed of the internal combustion engine has reached the preset rotational speed which is higher than 
the idling rotational speed after the amount of intake air introduced into the internal combustion engine has started 
being increased by the intake air quantity control means. 

[0022] With the above arrangement, after the rotational speed of the internal combustion engine has reached the 

25 preset rotational speed which is higher than the idling rotational speed, i.e., the idling speed at which the rotational 
speed of the internal combustion engine should finally be maintained, the target rotational speed is established so as 
to vary from the preset rotational speed to the idling rotational speed, and finally set to the idling rotational speed. The 
command value for the ignition timing to converge the rotational speed of the internal combustion engine to the target 
rotational speed thus established is sequentially generated according to the feedback control process. Thus, the ignition 

30 timing is manipulated based on the command value for the ignition timing generated according to the feedback control 
process, such that after the rotational speed of the internal combustion engine has increased to the preset rotational 
speed which is higher than the idling rotational speed due to the increased amount of intake air, the rotational speed 
of the internal combustion engine is kept higher than the idling rotational speed, which is the final target rotational 
speed, for a certain period of time, and is finally converged to the idling rotational speed. In this manner, the rotational 

35 speed of the internal combustion engine is prevented from dropping sharply in an initial period of the feedback control 
process due to the manipulation of the ignition timing, and is also prevented from falling largely from the idling rotational 
speed, so that the operation of the internal combustion engine is prevented from becoming unstable. 
[0023] The intake air quantity control means comprises means for determining an increase in the amount of intake 
air introduced into the internal combustion engine while the internal combustion engine is idling normally, depending 

40 on the temperature of the catalytic converter when the internal combustion engine starts to operate, according to a 
feed-forward control process, and manipulating the amount of intake air introduced into the internal combustion engine 
according to the determined increase. 

[0024] If the temperature of the catalytic converter is relatively low at the start of the internal combustion engine, 
then a large amount of heat is required to increase the temperature of and activate the catalytic converter quickly. 

45 Conversely, if the temperature of the catalytic converter is relatively high at the start of the internal combustion engine, 
then the amount of heat required to increase the temperature of and activate the catalytic converter may be small. 
According to the present invention, therefore, the increase (which basically determines the amount of heat given to 
the catalytic converter) in the amount of intake air introduced into the internal combustion engine is determined ac- 
cording to the feed-forward control process depending on the temperature of the catalytic converter at least at the start 

50 of the internal combustion engine. It is thus possible to increase the temperature of and activate the catalytic converter 
quickly irrespective of the temperature of the catalytic converter at the start of the internal combustion engine. 
[0025] For determining the increase in the amount of intake air depending on the temperature of the catalytic con- 
verter at least at the start of the internal combustion engine, the intake air quantity control means should preferably 
comprise means for determining the increase in order to gradually increase the increase with time immediately after 

55 the amount of intake air introduced into the internal combustion engine has started being increased. 

[0026] Specifically, if the amount of intake air is quickly increased stepwise immediately after the start of the internal 
combustion engine, then the operation of the internal combustion engine tends to become unstable. However, since 
the increase in the amount of intake air is gradually increased according to the present invention, the operation of the 
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internal combustion engine is prevented from becoming unstable. 

[0027] Furthermore, the intake air quantity control means should preferably comprise means for determining the 
increase in order to gradually reduce the increase with time upon elapse of a predetermined time after the amount of 
intake air introduced into the internal combustion engine has started being increased. 

5 [0028] Upon elapse of a certain period of time after the start of the internal combustion engine, even if the amount 
of intake air is constant, the friction of various components of the internal combustion engine is reduced as the internal 
combustion engine becomes warmer, and the rotational speed of the internal combustion engine tends to increase. 
According to the present invention, upon elapse of the predetermined time, the increase in the amount of intake air is 
gradually reduced to compensate for the increasing tendency of the rotational speed of the internal combustion engine 

10 due to the reduced friction, without having to retard the ignition timing more than necessary. 

[0029] The intake air quantity control means preferably comprise means for correcting the increase so as to reduce 
the amount of intake air when the command value for the ignition timing generated by the ignition timing control means 
according to the feedback control process is more retarded than a predetermined threshold which is more retarded 
than the ignition timing within a predetermined allowable range for the ignition timing in which the internal combustion 

15 engine is capable of operating normally. 

[0030] With the rotational speed of the internal combustion engine tending to increase with respect to the target 
rotational speed due to the reduction in the friction of various components of the internal combustion engine, when the 
command value for the ignition timing generated according to the feedback control process changes to a value more 
retarded than the threshold, i.e., to a largely retarded value, the intake air quantity control means corrects the increase 

20 in the amount of intake air so as to reduce the amount of intake air. Therefore, the increasing tendency of the rotational 
speed of the internal combustion engine is suppressed, preventing the command value for the ignition timing from 
becoming more retarded out of the allowable range. As a result, in a situation where the rotational speed of the internal 
combustion engine tends to increase with respect to the target rotational speed due to the reduction in the friction of 
various components of the internal combustion engine, the command value for the ignition timing is maintained within 

25 the allowable range, and the ignition timing can be manipulated based on the command value. Thus, the rotational 
speed of the internal combustion engine can stably be converged to the target rotational speed. 
[0031] The above and other objects, features, and advantages of the present invention will become apparent from 
the following description when taken in conjunction with the accompanying drawings which illustrate a preferred em- 
bodiment of the present invention by way of example. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

35 FIG. 1 is a block diagram of a control system for controlling an internal combustion engine according to the present 

invention; 

FIG. 2 is a diagram illustrative of a control process of the control system shown in FIG. 1; 

FIG. 3 is a flowchart of a main routine of the control process of the control system shown in FIG. 1; 

FIG. 4 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1; 
40 FIG. 5 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1 ; 

FIG. 6 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1; 

FIG. 7 is a diagram showing a data table used in the subroutine shown in FIG. 6; 

FIG. 8 is a diagram showing a data table used in the subroutine shown in FIG. 6; 

FIG. 9 is a diagram showing a data table used in the subroutine shown in FIG. 6; 
45 FIG. 10 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1 ; 

FIG. 11 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1; 

FIG. 12 is a diagram showing a data table used in the subroutine shown in FIG. 11; 

FIG. 13 is a diagram showing a data table used in the subroutine shown in FIG. 11; 

FIG. 14 is a flowchart of a subroutine of the control process of the control system shown in FIG. 1 ; 
so FIG. 15 is a diagram illustrative of an operation of the control system shown in FIG. 1; and 

FIG. 16 is a diagram illustrative of an operation of the control system shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 [0033] An apparatus for controlling an internal combustion engine according to the present invention will be described 
below with reference to FIGS. 1 through 16. 

[0034] FIG. 1 shows in block form a control system for controlling an internal combustion engine 1 according to the 
present invention. In FIG. 1 , the control system includes a controller 2 for controlling operation of the internal combustion 
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engine 1 . 

[0035] The internal combustion engine 1 is mounted as a propulsion source on a vehicle such as an automobile, a 
hybrid vehicle or the like (not shown). The internal combustion engine 1 burns a mixture of air and fuel and emits 
exhaust gases through a catalytic converter 3 comprising a three-way catalyst into the atmosphere. 

5 [0036] The control system includes, as ancillary components for controlling operation of the internal combustion 
engine 1, a rotational speed sensor 4 for detecting a rotational speed NE (actual rotational speed) of the internal 
combustion engine 1, an engine temperature sensor 5 for detecting an engine temperature TW (e.g., a coolant tem- 
perature) of the internal combustion engine 1 , an intake pressure sensor 6 for detecting an intake pressure PB in the 
internal combustion engine 1 , an atmospheric temperature sensor 7 for detecting an atmospheric temperature TA, an 

10 accelerator sensor 8 for detecting a manipulated quantity AP of the accelerator pedal (not shown) of the vehicle, and 
a vehicle speed sensor 9 for detecting a speed V of the vehicle. 

[0037] The internal combustion engine 1 has, as ancillary components for operating the internal combustion engine 
1 , an ignition unit 10 for igniting the air-fuel mixture in the internal combustion engine 1 , a fuel supply unit 11 for supplying 
a fuel into the internal combustion engine 1 , and a throttle valve actuator 12 for operating a throttle valve (not shown) 
15 in the internal combustion engine 1 . 

[0038] Intake air is introduced into the internal combustion engine 1 via a passage (not shown) with the throttle valve 
disposed therein and a bypass passage (not shown) which bypasses the throttle valve. 

[0039] The vehicle also has a starter motor (not shown) for starting to operate the internal combustion engine 1, a 
power supply battery (not shown) for supplying electric energy to various electric devices on the vehicle, and a trans- 
20 mission, i.e., an automatic transmission in the illustrated embodiment, for transmitting drive power from the internal 
combustion engine 1 to drive wheels of the vehicle. The vehicle further has pumps combined with a power steering 
system and an air-conditioning unit (not shown), the pumps being operable by and serving as loads on the internal 
combustion engine 1 . 

[0040] The controller 2, which comprises a microcomputer, controls the ignition unit 10, the fuel supply unit 11, and 
25 the throttle valve actuator 12 based on output data (detected values) from the sensors 4 through 9, a predetermined 
program, and preset data values, for thereby operating the internal combustion engine 1. 

[0041] The controller 2 has, as functional components, an intake air quantity control means 13 for controlling the 
throttle valve actuator 12 to increase the quantity of intake air supplied to the internal combustion engine 1 while the 
internal combustion engine 1 is idling after it has started to operate, a target rotational speed setting means 14 for 
30 setting up a target rotational speed of the internal combustion engine 1 when the quantity of intake air is creased, and 
an ignition timing control means 15 for controlling the ignition unit 10 to control the ignition timing of the internal com- 
bustion engine 1 for converging the actual rotational speed (represented by the output of the rotational speed sensor 
4) of the internal combustion engine 1 to the target rotational speed. Details of the functions of these means 13, 14, 
15 will be described later on. 

35 [0042] In this embodiment, a control cycle (control period) which is controlled by the controller 2 is a crank angle 
period (so-called TDC). 

[0043] Operation of the control system will be described below in combination with more specific functions of the 
controller 2. 

[0044] First, a basic operation of the control system will briefly be described below with reference to FIG. 2. FIG. 2 
40 shows, by way of example, time-dependent changes in the opening of the throttle valve, the ignition timing, and the 
rotational speed, respectively, of the internal combustion engine 1 in upper, middle, and lower diagram sections. 
[0045] In FIG. 2, when the control system is activated by pressing a start switch (not shown) while the internal com- 
bustion engine 1 is not in operation, the control system first enters an operation mode to start the internal combustion 
engine 1 (hereinafter referred to as a "start mode") by cranking the internal combustion engine 1 with a starter motor 
45 (not shown). In the start mode, the throttle valve opening and the ignition timing are controlled as shown, and the 
rotational speed of the internal combustion engine 1 varies as shown. 

[0046] When a complete fuel combustion in the internal combustion engine 1 is confirmed in the start mode, the 
control system enters an operation mode (hereinafter referred to as a "CWU mode") for quickly activating the catalytic 
converter 3 while the internal combustion engine 1 is idling. 

50 [0047] In the CWU mode, an opening THO of the throttle valve (hereinafter referred to as a "throttle valve opening 
THO") which determines the amount of intake air introduced into the internal combustion engine 1 is controlled so as 
to increase the amount of intake air introduced into the internal combustion engine 1 (THO > 0) in a pattern of time- 
dependent changes shown in the upper diagram section in FIG. 2. The amount of intake air introduced into the internal 
combustion engine 1 is thus made greater than in the normal idling mode. In the illustrated control system, the throttle 

55 valve opening THO is "0" when the internal combustion engine 1 is in the normal idling mode (other than the CWU 
mode) as when the vehicle temporarily stops while traveling. At this time, intake air is introduced into the internal 
combustion engine 1 via only the bypass passage bypassing the throttle valve. Therefore, when the throttle valve 
opening THO is controlled as described above, the amount of intake air introduced into the internal combustion engine 
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1 in the CWU mode is made greater than in the normal idling mode in the same pattern of time-depending changes 
as with the throttle valve opening THO (the throttle valve opening THO corresponds to a throttle valve opening for 
adding an increase in the amount of intake air to the amount of intake air introduced in the normal idling mode). 
[0048] The pattern of changes in the throttle valve opening THO, i.e., the pattern of changes in the increase in the 
5 amount of intake air, is appropriately corrected in order to reduce the increase in the amount of intake air under certain 
conditions. 

[0049] The rotational speed NE (actual rotational speed) of the internal combustion engine 1 in the CWU mode 
increases as the amount of introduced intake air increases (the throttle valve opening THO increases) in a pattern of 
time-dependent changes as indicated by the solid-line curve in the lower diagram section of FIG. 2. When the rotational 
10 speed NE reaches a preset rotational speed (NOBJ + NECPIS) which is higher than a predetermined idling rotational 
speed NOBJ by a given value NECPIS, a target rotational speed NE/CWU of the internal combustion engine 1 is 
established in a pattern of time-dependent changes as indicated by the broken-line curve in the lower diagram section 
of FIG. 2. 

[0050] According to a feedback control process (based on a PI control process in the illustrated embodiment) for 
is converging the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU, a 
corrective quantity IG/CPID (indicated by the broken-line curve in the middle diagram section of FIG. 2, hereinafter 
referred to as a "retarded angle corrective quantity IG/CPID") is determined for the ignition timing of the internal com- 
bustion engine 1. A basic ignition timing IGBASE (indicated by the dot-and-dash-line curve in the middle diagram 
section of FIG. 2) is corrected by the retarded angle corrective quantity IG/CPID to determine an ignition timing IGLOG 
20 (more accurately, a command value for the ignition timing) as indicated by the solid-line curve in the middle diagram 
section of FIG. 2. 

[0051] According to the above feedback control process, the target rotational speed NE/CWU of the internal com- 
bustion engine 1 decreases from the preset rotational speed (NOBJ + NECPIS) to the idling rotational speed NOBJ at 
a predetermined decremental rate (gradient). After having reached the idling rotational speed NOBJ, the target rota- 

25 tional speed NE/CWU is maintained at the idling rotational speed NOBJ. The idling rotational speed NOBJ is set to a 
rotational speed higherthan the rotational speed of the internal combustion engine 1 when it is in the normal idling mode. 
[0052] At this time, the throttle valve opening THO is controlled to increase the amount of intake air introduced into 
the internal combustion engine 1 for thereby increase the rotational speed NE (actual rotational speed) of the internal 
combustion engine 1 with respect to the target rotational speed NE/CWU. Thus, the retarded angle corrective quantity 

30 IG/CPID for the ignition timing determined by the feedback control process basically serves to correct the ignition timing 
as to be retarded. As a result, the ignition timing IGLOG of the internal combustion engine 1 is retarded as indicated 
by the solid-line curve in the middle diagram section of FIG. 2. 

[0053] The control of the ignition timing IGLOG according to the feedback control process and the setting of the 
target rotational speed NE/CWU are started when an elapsed time from the start of the internal combustion engine 1 
35 reaches a predetermined value even if the rotational speed NE of the internal combustion engine 1 does not reach the 
preset rotational speed (NOBJ + NECPIS). The above feedback control process will hereinafter referred to as an 
"ignition timing control rotational speed F/B control process". 

[0054] When the driver of the vehicle presses the accelerator pedal to start the vehicle while in the CWU mode, the 
CWU mode is canceled, and the control system enters an operation mode for operating the internal combustion engine 

40 1 depending on the operation of the accelerator pedal (hereinafter referred to as a "normal mode"). In the normal mode, 
the throttle valve opening THO is controlled directly depending on the amount of operation of the accelerator pedal 
(see a right-hand area of the upper diagram section of FIG. 2). After the CWU mode is canceled, the ignition timing 
IGLOG of the internal combustion engine 1 returns gradually to the basic ignition timing IGBASE which is advanced, 
as indicated in a right-hand area of the middle diagram section of FIG. 2. 

45 [0055] The CWU may be omitted depending on the situation, and may be canceled under conditions other than when 
the accelerator pedal is pressed. 

[0056] The basic operation of the control system according to the illustrated embodiment has been described above. 

[0057] Details of the operation of the control system in view of the basic operation thereof together with detailed 

functions of the controller 2 will be described below. 
so [0058] When the control system is activated while the internal combustion engine 1 is not operating, the controller 

2 executes a main routine shown in FIG. 3 in predetermined control cycles, i.e., crank angle periods (TDC). 

[0059] First, the controller 2 determines whether the operation mode of the control system is the start mode or not 

in STEP3-1. Specifically, the controller 2 determines whether a complete fuel combustion in the internal combustion 

engine 1 is confirmed or not. The operation mode of the control system is the start mode after the control system is 
55 activated until the complete fuel combustion is confirmed. The complete fuel combustion is confirmed on the basis of 

an output signal from the rotational speed sensor 4, i.e., a detected value of the rotational speed NE. 

[0060] If the operation mode of the control system is the start mode in STEP3-1, then the controller 2 executes a 

start mode process for starting the internal combustion engine 1 in each control cycle in STEP3-2. 
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[0061] In the start mode process, the controller 2 determines command values for the amount of fuel to be supplied, 
the ignition timing, and the throttle valve opening, which are suitable for starting the internal combustion engine 1, 
based on output signals (detected values) of the sensors 4 through 8, predetermined maps, and equations. According 
to the determined command values, the controller 2 operates the fuel supply unit 11, the ignition unit 10, and the throttle 
5 valve actuator 12 to control the amount of fuel to be supplied, the ignition timing, and the throttle valve opening (the 
amount of intake air), while at the same time energizing the starter motor (not shown) to crank the internal combustion 
engine 1 thereby to start the internal combustion engine 1. 

[0062] In the start mode process, the controller 2 initializes various parameters (described in detail later on) such as 
flags to be used in a control process (described in detail later on) of the CWU mode. In the start mode process, fur- 
to thermore, an engine temperature TW at the time the internal combustion engine 1 is started is detected by the engine 
temperature sensor 5, and stored in a memory (not shown). 

[0063] If the operation mode of the control system is not the start mode in STEP3-1 .i.e., if a complete fuel combustion 
in the internal combustion engine 1 is confirmed, then the controller 2 generates a command value for the amount of 
fuel to be supplied to the internal combustion engine 1 in STEP3-3. Then, the controller 2 judges conditions to determine 
15 whether the control process of the CWU mode is to be carried out or not in STEP3-4. Thereafter, the intake air quantity 
control means 13 calculates a command value THO for the throttle valve opening in STEP3-5. The ignition timing 
control means 15 calculates a command value IGLOG for the ignition timing of the internal combustion engine 1 in 
STEP3-6. After these steps have been carried out, the processing of the control system in the present control cycle is 
finished. 

20 [0064] The controller 2 generates a command value for the amount of fuel to be supplied to the internal combustion 
engine 1 in STEP3-3 as follows: First, the controller 2 determines a basic amount of fuel to be supplied based on a 
predetermined map from the rotational speed NE of the internal combustion engine 1 detected by the rotational speed 
sensor 4 and the intake pressure PB of the internal combustion engine 1 detected by the intake pressure sensor 6. 
The controller 2 then corrects the basic amount of fuel to be supplied depending on the engine temperature TW and 

25 the atmospheric temperature TA detected respectively by the engine temperature sensor 5 and the atmospheric tem- 
perature sensor 7, thereby generating the command value for the amount of fuel to be supplied to the internal com- 
bustion engine 1. 

[0065] The generated command value for the amount of fuel to be supplied is given from the controller 2 to the fuel 
supply unit 11, and the fuel supply unit 11 supplies an amount of fuel to the internal combustion engine 1 according to 

30 the given command value. 

[0066] In STEP3-4, conditions are judged according to a processing sequence shown in FIG. 4. 
[0067] As shown in FIG. 4, the controller 2 determines whether an elapsed time T/CWU of the CWU mode (an elapsed 
time after the start mode is ended, hereinafter referred to as a "CWU elapsed time T/CWU") is within a predetermined 
limit time TCWULMT (T/CWU < TCWULMT) or not, in STEP4-1. The CWU elapsed time T/CWU is initialized to "0" in 

35 the start mode process (STEP3-2 in FIG. 3), and starts being measured by a count-up timer (not shown) that starts 
operating in predetermined periods when the start mode is ended ("NO" in STEP3-1 ). 

[0068] If T/CWU > TCWULMT in STEP4-1, then a flag F/CWUON (hereafter referred to as a "CWU on/off flag F/ 
CWUON") is set to "0", setting the operation mode of the control system to the normal mode in STEP4-9. The CWU 
on/off flag F/CWUON is "1" when the operation mode of the control system is to be set to the CWU mode, and "0" the 

40 operation mode of the control system is to be set to the normal mode. Then, the CWU elapsed time T/CWU is forcibly 
set to the limit time TCWULMT in STEP4-10. The limit time TCWULMT is selected to be of a time interval capable of 
sufficiently increasing the temperature of and activating the catalytic converter 3 by increasing the amount of intake 
air introduced into the internal combustion engine 1 and retarding the ignition timing (under the control of the CWU 
mode) within the limit time TCWULMT 

45 [0069] If the condition of STEP4-1 is met (T/CWU < TCWULMT), then the controller 2 determines whether a detected 
value of the vehicle speed V from the vehicle speed sensor 9 is smaller than a predetermined value V/CWUL, indicating 
that the vehicle is at rest, or not in STEP4-2. Then, the controller 2 determines whether a detected value of the ma- 
nipulated quantity AP of the accelerator pedal from the accelerator sensor 8 is smaller than a predetermined value 
APCLOSE, indicating that the accelerator pedal is substantially fully closed, or not in STEP4-3. If the conditions of 

so STEP4-2, STEP4-3 are not satisfied, i.e., if the internal combustion engine 1 is not idling, then the processing in 
STEP4-9, STEP4-10 is performed (the operation mode of the control system is set to the normal mode). 
[0070] If the conditions of STEP4-2, STEP4-3 are satisfied, i.e., if the internal combustion engine 1 is idling, then 
the controller 2 determines whether a present detected value of the rotational speed NE of the internal combustion 
engine 1 from the rotational speed sensor 4 falls within a predetermined range or not in STEP4-4 and then determines 

55 whether a present detected value of the engine temperature TW from the engine temperature sensor 5 falls within a 
predetermined range or not in STEP4-5. If the conditions of STEP4-4, STEP4-5 are not satisfied, then the processing 
in STEP4-9, STEP4-10 is performed (the operation mode of the control system is set to the normal mode). 
[0071] If the conditions of STEP4-4, STEP4-5 are satisfied, then the controller 2 determines whether the air-condi- 
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tioning unit, more precisely a compressor associated with the air-conditioning unit, is turned off or not, more specifically 
whether the clutch of the compressor associated with the air-conditioning unit is disengaged or not, in STEP4-6, and 
then determines whether the power steering system, more precisely a hydraulic pump associated with the power steer- 
ing system, is turned off or not, more specifically whether the hydraulic pump associated with the power steering system 

5 is under no load or not, in STEP4-7. If the air-conditioning unit or the power steering system is not turned off, i.e., if 
either one of the air-conditioning unit and the power steering system is operating, then the processing in STEP4-9, 
STEP4-10 is performed (the operation mode of the control system is set to the normal mode). If the conditions of 
STEP4-6, STEP4-7 are satisfied (at this time, all the conditions of STEP4-1 through STEP4-7 are satisfied), then the 
CWU on/off flag F/CWUON is set to "1", setting the operation mode of the control system to the CWU mode in STEP4-8. 

10 [0072] After the internal combustion engine 1 has started to operate, if the states of the vehicle, the air-conditioning 
unit, the power steering system, which serve as loads on the internal combustion engine 1, the rotational speed NE, 
the engine temperature TW, and the CWU elapsed time T/CWU satisfy the conditions of STEP4-1 through STEP4-7, 
then the operation mode of the control system is set to the CWU mode (F/CWUON = 1). 

[0073] If the control system is in a situation where the vehicle, the air-conditioning unit, the power steering system, 
15 which serve as loads on the internal combustion engine 1 , are to be activated immediately after the start of the internal 
combustion engine 1 , or such a situation occurs while in the CWU mode, then since the conditions of STEP4-2, 
STEP4-3, STEP4-6, STEP4-7 are not satisfied, the operation mode of the control system is set to the normal mode 
immediately after the start of the internal combustion engine 1 , or the CWU mode is canceled, and the operation mode 
of the control system is set to the normal mode (F/CWUON = 0). 
20 [0074] Similarly, in a situation where the rotational speed NE and the engine temperature TW are too high or low, 
since the conditions of STEP4-4, STEP4-5 are not satisfied, the operation mode of the control system is set to the 
normal mode immediately after the start of the internal combustion engine 1, or the CWU mode is canceled, and the 
operation mode of the control system is set to the normal mode (F/CWUON = 0). 

[0075] If the elapsed time (= CWU elapsed time T/CWU) of the operation of the internal combustion engine 1 in the 
25 CWU mode is equal to or greater than the limit time TCWULMT ("NO" in STEP4-1 ), then the CWU mode is canceled, 
and the operation mode of the control system is set to the normal mode (F/CWUON = 0). 

[0076] If the operation mode of the control system is set to the normal mode, then as long as the operation of the 
internal combustion engine 1 continues, the CWU elapsed time T/CWU is fixed to the limit time TCWULMT in STEP4-1 0. 
Subsequently, therefore, the condition of STEP4-1 is not satisfied unless the internal combustion engine 1 is started 
3 J again (the CWU elapsed time T/CWU is initialized only in the start mode). Therefore, the operation mode of the control 
system is not set to the CWU mode while the vehicle is running or the internal combustion engine 1 is idling (normal 
idling mode) when the vehicle is temporarily at rest. 

[0077] Thus, operation mode of the control system is set to the CWU mode within the limit time TCWULMT under 
certain conditions of the loads on the internal combustion engine 1 , the rotational speed NE, and the engine temperature 
35 TW only during the first idling operation of the internal combustion engine 1 after the start of the internal combustion 
engine 1. 

[0078] In this embodiment, the engine temperature TW as representing the temperature of the catalytic converter 3 
is used in the condition judging process shown in FIG. 4, particularly in STEP4-5. However, the temperature of the 
catalytic converter 3 may directly be detected, and may be used in determining the condition of STEP4-5. 
40 [0079] The operation of the control system may be inhibited from being set to the CWU mode until a certain time 
elapses after the end of the start mode, though such a scheme is not employed in the present embodiment. 
[0080] The process of calculating the command value THO for the throttle valve opening in STEP3-5 shown in FIG. 
3 is carried out by the intake air quantity control means 13 of the controller 2 according to flowcharts shown in FIGS. 
5 and 6. 

45 [0081] As shown in FIG. 5, the intake air quantity control means 13 calculates a command value THO/CWU for the 
throttle valve opening in the CWU mode based on the engine temperature TW detected by the engine temperature 
sensor 5 in the start mode process (STEP3-2) and the CWU elapsed time T/CWU in STEP5-1. 
[0082] More specifically, in the calculating process of STEP5-1, as shown in FIG. 6, the intake air quantity control 
means 13 determines the value of the CWU on/off flag F/CWUON in STEP6-1. If F/CWUON = 1, i.e., if the operation 

50 mode of the control system is set to the CWU mode in STEP3-4, then the intake air quantity control means 1 3 determines 
a basic value THO/CTBL of the command value THO/CWU for the throttle valve opening in order to make the amount 
of intake air introduced into the internal combustion engine 1 in the CWU mode greater than in the normal idling mode, 
from the detected value of the engine temperature TW acquired in the start mode process (STEP3-2) using a prede- 
termined data table shown in FIG. 7, in STEP6-2. 

55 [0083] The data table shown in FIG. 7 is established such that the basic value THO/CTBL of the command value 
THO/CWU for the throttle valve opening is substantially constant in a low and medium range of the engine temperature 
TW (which is an ordinary range of the engine temperature TW), and is smaller in a high range of the engine temperature 
TW than in the low and medium range of the engine temperature TW. Specifically, if the engine temperature TW at the 
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time the internal combustion engine 1 starts to operate is high, then since the temperature of the catalytic converter 3 
is also relatively high, the amount of heat required to increase the temperature of and activate the catalytic converter 
3 may be small. In the illustrated embodiment, therefore, when the engine temperature TW at the time the internal 
combustion engine 1 starts to operate is in the high range, the basic value THO/CTBL of the command value THO/ 
5 CWU for the throttle valve opening made smaller than in the low and medium range, reducing the increase in the 
amount of intake air introduced into the internal combustion engine 1 . 

[0084] In STEP6-2, the engine temperature TW detected in the start mode process is regarded representing the 
temperature of the catalytic converter 3 at the time the internal combustion engine 1 starts to operate, and the basic 
value THO/CTBL is determined from the engine temperature TW. Therefore, if the temperature (initial temperature) of 

10 the catalytic converter 3 at the time the internal combustion engine 1 starts to operate is directly detected by a tem- 
perature sensor or the like, then the basic value THO/CTBL may be determined from the detected value of the tem- 
perature of the catalytic converter 3 according to the same pattern as the data table shown in FIG. 7. 
[0085] After the basic value THO/CTBL is determined, the intake air quantity control means 1 3 determines the present 
value of a flag F/THODEC (hereinafter referred to as an "increase correction flag F/THODEC") in STEP6-3. The in- 

15 crease correction flag F/THODEC is "1" when the throttle valve opening THO (an increase in the amount of intake air) 
is to be corrected so as to be reduced, and "0" when the throttle valve opening THO is not to be corrected so as to be 
reduced. The increase correction flag F/THODEC is initialized to "0" in the start mode process (STEP3-2), and may 
be set to "1 " as necessary in a process of limiting the command value IGLOG for the ignition timing as described later on. 
[0086] If F/THODEC = 0, i.e., if the throttle valve opening THO is not to be corrected so as to be reduced, then control 

20 goes to STEP6-6. 

[0087] If F/THODEC = 1, i.e., if the throttle valve opening THO is to be corrected so as to be reduced, then the intake 
air quantity control means 13 determines a unit corrective value d/THODEC (> 0) in each control cycle for the throttle 
valve opening THO from the detected value (which indicates a warmed state of the internal combustion engine 1 at its 
start) of the engine temperature TW obtained in the start mode process, using a predetermined data table shown in 
25 FIG. 8 in STEP6-4. The data table shown in FIG. 8 is established such that the unit corrective value d/THODEC is 
relatively small in the low and medium range of the engine temperature TW, and greater in the high range of the engine 
temperature TW. 

[0088] The intake air quantity control means 1 3 adds the determined unit corrective value d/THODEC to the present 
value of a corrective quantity THO/DEC (£ 0, hereinafter referred to as a "throttle corrective quantity THO/DEC") for 

30 the throttle valve opening THO for reducing the throttle valve opening THO (an increase in the amount of intake air), 
thereby updating the throttle corrective quantity THO/DEC in STEP6-5. Thereafter, control goes to STEP6-6. The 
throttle corrective quantity THO/DEC is initialized to "0" in the start mode process (STEP3-2). 
[0089] In STEP6-6, the intake air quantity control means 1 3 determines a basic value corrective coefficient KM/CWU 
for correcting the basic value THO/CTBL of the command value THO/CWU for the throttle valve opening determined 

35 in STEP6-2 depending on the CWU elapsed time T/CWU, from the CWU elapsed time T/CWU using a predetermined 
data table (time table) shown in FIG. 9. The basic value corrective coefficient KM/CWU is a coefficient (< 1 ) for correcting 
the basic value THO/CTBL by multiplying the basic value THO/CTBL. The data table shown in FIG. 9 is established 
such that the basic value corrective coefficient KM/CWU gradually increases with time toward a maximum value "1" 
in an initial stage (time 0 - time t1) of the CWU elapsed time T/CWU, is thereafter continuously maintained at the 

40 maximum value "1" for a given period (time t1 - time t2), and then gradually decreases with time. 

[0090] The data table shown in FIG. 9 may have different versions one for use when the shift lever of the automatic 
transmission of the vehicle is in an N (neutral) range and one for use when the shift lever of the automatic transmission 
of the vehicle is in a D (drive) range. Such different data tables are useful because different loads are imposed on the 
internal combustion engine 1 when the automatic transmission is in the N and D ranges, respectively. The fuel com- 

45 bustion in the internal combustion engine 1 can be controlled more optimally using the different data tables depending 
on the load on the internal combustion engine 1 . 

[0091] Then, the intake air quantity control means 13 multiplies the basic value THO/CTBL of the command value 
THO/CWU for the throttle valve opening determined in STEP6-2 by the basic value corrective coefficient KM/CWU 
determined in STEP 6-6. The intake air quantity control means 13 subtracts the present throttle corrective quantity 

so THO/DEC (if F/THODEC = 0 in STEP6-3) or the throttle corrective quantity THO/DEC updated in STEP6-5 (if F/TH- 
ODEC = 1 in STEP6-3) from the product of the basic value THO/CTBL and the basic value corrective coefficient KM/ 
CWU, for thereby calculating the command value THO/CWU for the throttle valve opening in the CWU mode in 
STEP6-7. In this manner, the command value THO/CWU for the throttle valve opening in the CWU mode is determined 
in a feed-forward control fashion. 

55 [0092] The intake air quantity control means 13 determines whether the command value THO/CWU for the throttle 
valve opening calculated in STEP6-7 falls in a range defined between a predetermined upper limit TCHWUH and a 
predetermined lower limit TCHWUL in STEP6-8 and STEP6-9. If the command value THO/CWU for the throttle valve 
opening is greater than the upper limit TCHWUH or smaller than the lower limit TCHWUL, then the command value 
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THO/CWU for the throttle valve opening is limited to the upper limit TCHWUH in STEP6-1 0 or to the lower limit TCHWUL 
in STEP6-11. 

[0093] If F/CWUON = 0 in STEP6-1, i.e., if the operation mode of the control system is set to the normal mode in 
STEP3-4, then the command value THO/CWU for the throttle valve opening and the value of the basic value corrective 

5 coefficient KM/CWU are initialized to "0" in STEP6-12. 

[0094] Referring back to FIG. 5, after the command value THO/CWU for the throttle valve opening in the CWU mode 
is determined, the intake air quantity control means 13 determines the value of the CWU on/off flag F/CWUON in 
STEP5-2. If F/CWUON = 1, i.e., if the operation mode of the control system is set to the CWU mode, then the final 
command value THO for the throttle valve opening is determined to be the command value THO/CWU determined in 

10 STEP5-1 in STEP5-3. 

[0095] If F/CWUON = 0 in STEP5-2, i.e., if the operation mode of the control system is set to the normal mode, then 
the intake air quantity control means 13 determines the final command value THO for the throttle valve opening to be 
a value depending on the detected value of the manipulated quantity AP of the accelerator pedal in STEP5-4. While 
the internal combustion engine 1 is in the normal idling mode with the accelerator pedal being not pressed, the command 

15 value THO for the throttle valve opening depending on the manipulated quantity AP of the accelerator pedal in the 
normal mode is smaller than the command value THO/CWU for the throttle valve opening which is determined de- 
pending on the engine temperature TW and the CWU elapsed time T/CWU in the CWU mode. 
[0096] After the start of the internal combustion engine 1 , if the operation mode of the control system is set to the 
CWU mode in STEP3-4, the command value THO for the throttle valve opening is determined to be a value depending 

20 on the engine temperature TW and the CWU elapsed time T/CWU according to a feed-forward control process. If the 
operation mode of the control system is set to the normal mode in STEP3-4, then the command value THO for the 
throttle valve opening is determined to be a value depending on the manipulated quantity AP of the accelerator pedal. 
The controller 2 then supplies the determined command value THO for the throttle valve opening to the throttle actuator 
12. The throttle actuator 12 then actuates the throttle valve according to the supplied command value THO for the 

25 throttle valve opening. Therefore, the amount of intake air introduced into the internal combustion engine 1 is controlled 
according to the command value THO for the throttle valve opening. 

[0097] The command value THO for the throttle valve opening while the internal combustion engine is idling in the 
CWU mode is determined to be greater than while the internal combustion engine is normally idling in the normal mode, 
such as when the vehicle is temporarily at rest. Consequently, the amount of intake air introduced into the internal 

30 combustion engine 1 is made greater than in the normal idling mode. 

[0098] If the throttle corrective quantity THO/DEC is "0" (the increase in the amount of intake air is not corrected), 
then as indicated by the solid-line curve in the upper diagram section of FIG. 2, the command value THO (= THO/ 
CWU) for the throttle valve opening in the CWU mode gradually rises toward the basic value THO/CTBL in an initial 
stage immediately after the start of the CWU mode, thereafter remains continuously at the basic value THO/CTBL, 

35 and then gradually decreases from the basic value THO/CTBL with time, because of the characteristics (see FIG. 9), 
described above, of the time table of the basic value corrective coefficient KM/CWU. The amount of intake air introduced 
into the internal combustion engine 1 is made greater than in the normal idling mode in a pattern of time-dependent 
changes similar to the above pattern. Therefore, the product (= THO/CTBLKM/CWU) of the basic value THO/CTBL 
and the basic value corrective coefficient KM/CWU determines a basic pattern of the increase in the amount of intake 

40 air controlled by the intake air quantity control means 13. Since the basic value THO/CTBL is established depending 
on the engine temperature TW representing the temperature of the catalytic converter 3 upon the start of the internal 
combustion engine 1 , the increase in the amount of intake air also depends on the temperature of the catalytic converter 
3 upon the start of the internal combustion engine 1 . 

[0099] If the throttle corrective quantity THO/DEC is not "0" (THO/DEC > 0), then the throttle valve opening THO is 
<5 reduced from the basic throttle valve opening (THO/CTBL- KM/CWU) based on the basic value THO/CTBL and the 
basic value corrective coefficient KM/CWU by the throttle corrective quantity THO/DEC (see STEP6-7). Thus, the 
increase in the amount of intake air is corrected so as to be reduced from the basic increase by an amount corresponding 
to the throttle corrective quantity THO/DEC. If the increase correction flag F/THODEC is "1" (in this case, the command 
value IGLOG for the ignition timing determined by a PI control process, described later on, according to the ignition 
50 timing control rotational speed F/B control process is more retarded than a predetermined threshold), then the throttle 
corrective quantity THO/DEC is incremented by the unit corrective value d/THODEC in each control cycle in STEP6-5. 
Consequently, the corrective quantity by which the increase in the amount of intake air is reduced is incremented by 
an amount corresponding to the unit corrective value d/THODEC in each control cycle. 

[0100] If the increase correction flag F/THODEC changes from "1" to "0" while the throttle corrective quantity THO/ 
55 DEC is being incremented by the unit corrective value d/THODEC, then since the processing of STEP6-5 is not carried 
out, the throttle corrective quantity THO/DEC is not updated, but is kept at the present value. 

[0101] The significance of reducing the increase in the amount of intake air by the throttle corrective quantity THO/ 
DEC will be described later on. 
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[0102] The process of calculating the command value IGLOG for the ignition timing of the internal combustion engine 
1 in STEP3-6 shown in FIG. 3 is carried out by the target rotational speed setting means 14 and the ignition timing 
control means 15 of the controller 2 according to flowcharts shown in FIGS. 10 and 11. 

[0103] As shown in FIG. 10, the ignition timing control means 15 determines a basic value IGMAP of the ignition 
5 timing in STEP10-1. The basic value IGMAP is determined from detected values of the rotational speed NE and the 
intake pressure PB of the internal combustion engine 1 using a predetermined map. 

[0104] Then, the ignition timing control means 15 determines a corrective value IGHK for correcting the basic value 
IGMAP depending on detected values of the engine temperature TW and the atmospheric temperature TA, from those 
detected values using a map and a predetermined formula, in STEP10-2. The corrective value IGHK corrects the basic 

10 value IGMAP by being added to the basic value IGMAP. The ignition timing determined by the sum (IGMAP + IGHK) 
of the basic value IGMAP and the corrective value IGHK is the advanced ignition timing IGBASE (IGBASE = IGMAP 
+ IGHK) indicated by the dot-and-dash-line curve in the middle diagram section of FIG. 2, and corresponds to the 
advanced ignition timing for properly operating the internal combustion engine 1 in the normal mode. The ignition timing 
IGBASE will hereinafter be referred to as a "normal ignition timing IGBASE". 

15 [0105] Then, the ignition timing control means 1 5 calculates the retarded angle corrective quantity IG/CPID for cor- 
recting the normal ignition timing IGBASE in the CWU mode in STEP10-3. 

[0106] FIG. 11 shows in detail a process of calculating the retarded angle corrective quantity IG/CPID in STEP10-3. 
As shown in FIG. 11, the ignition timing control means 15 determines the value of the CWU on/off flag F/CWUON in 
STEP11-1. If F/CWUON = 1, i.e., if the operation mode of the control system is set to the CWU mode, then the ignition 

20 timing control means 15 determines the value of a flag F/NEFB (hereinafter referred to as a "retard correction on/off 
flag F/NEFB") in STEP11-2. The retard correction on/off flag F/NEFB is "1" if the ignition timing control rotational speed 
F/B control process, i.e., the process of determining the retarded angle corrective quantity IG/CPID according to the 
PI control process to control the ignition timing (basically, to retard the ignition timing) in order to converge the rotational 
speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU, is to be carried out, and "0" is 

25 the ignition timing control rotational speed F/B control process is not to be carried out. The retard correction on/off flag 
F/NEFB is initialized to "0" in the start mode process (STEP3-2), and set to "1" in the processing of STEP11-5 through 
STEP11-7, described later on. 

[0107] If F/NEFB = 0 in STEP11-2, i.e., if the ignition timing control rotational speed F/B control process has not yet 
been started, then the value of a parameter T/CPIS for recognizing the time of starting the ignition timing control 
30 rotational speed F/B control process is set to the present CWU elapsed time T/CWU in STEP11-3. If F/NEFB = 1 in 
STEP11-2, then the processing of STEP11-3 is skipped. Therefore, when the retard correction on/off flag F/NEFB 
changes from "0" to "1" (the time of starting the ignition timing control rotational speed F/B control process), the value 
of the parameter T/CPIS is fixedly set to the CWU elapsed time T/CWU at the time (more precisely, one control cycle 
ahead of the time). 

35 [0108] Then, the ignition timing control means 15 causes the target rotational speed setting means 14 to calculate 
the target rotational speed NE/CWU of the internal combustion engine 1 in STEP11-4. The target rotational speed 
setting means 14 calculates the target rotational speed NE/CWU according to the following equation (1): 



4Q NE/CWU = NOBJ + NECPIS - [K/NERED (T/CWU - T/CPIS)] (1) 

[0109] In the equation (1), NOBJ represents a predetermined idling rotational speed NOBJ (a target rotational speed 
for the internal combustion engine 1 as it is idling) indicated in the lower diagram section of FIG. 2. The term (NOBJ 
+ NECPIS) represents the preset rotational speed which is higher than the idling rotational speed NOBJ by the given 

45 value NECPIS. In the equation (1), (T/CWU - T/CPIS), i.e., the difference between the CWU elapsed time T/CWU and 
the value of the parameter T/CPIS, is "0" in the processing of STEP11-3 if the retard correction on/off flag F/NEFB is 
"0" (at this time, NE/CWU = NOBJ + NECPIS = preset rotational speed). After the time when the retard correction on/ 
off flag F/NEFB changes from "0" to "1", the difference (T/CWU - T/CPIS) represents an elapsed time from the time 
(which is either the time when the rotational speed NE of the internal combustion engine 1 reaches the present rotational 

50 speed (NOBJ + NECPIS) or the time when the CWU elapsed time T/CWU reaches a predetermined value). In the 
equation (1), K/NERED represents a predetermined coefficient (> 0) which defines the decremental rate (gradient) at 
which the target rotational speed NE/CWU decreases from the preset rotational speed (NOBJ + NECPIS) to the idling 
rotational speed NOBJ, as described above with reference to FIG. 2. 

[0110] For determining the target rotational speed NE/CWU according to the equation (1), a lower limit for the target 
55 rotational speed NE/CWU is set to the idling rotational speed NOBJ. When the calculated result of the right-hand side 
of the equation (1) is smaller than the idling rotational speed NOBJ, then the target rotational speed NE/CWU is sub- 
sequently fixedly set to the idling rotational speed NOBJ. 

[0111] After the target rotational speed NE/CWU is determined by the target rotational speed setting means 14, the 



12 



EP 1 010 880 A2 

ignition timing control means 15 compares the present detected value of the rotational speed NE of the internal com- 
bustion engine 1 and the target rotational speed NE/CWU with each other in STEP11-5. If NE < NE/CWU, then the 
ignition timing control means 15 determines whether the CWU elapsed time T/CWU reaches a predetermined value 
TPIDIGST (T/CWU > TPIDIGST) or not in STEP11-6. If T/CWU < TPIDIGST (at this time, NE < NE/CWU), then control 
5 goes to STEP11-8. 

[0112] If NE > NE/CWU in STEP11-5, i.e., if the rotational speed NE of the internal combustion engine 1 rises to the 
target rotational speed NE/CWU, or if T/CWU > TPIDIGST in STEP11-6, i.e., if the CWU elapsed time T/CWU reaches 
the predetermined value TPIDIGST, then the ignition timing control means 15 sets the retard correction on/off flag F/ 
NEFB to "1" in order to start the ignition timing control rotational speed F/B control process in STEP11-7, after which 

10 control goes to STEP11-8. 

[0113] If the retard correction on/off flag F/NEFB is "0", then since the target rotational speed NE/CWU calculated 
in STEP11-4 is the preset rotational speed (NOBJ + NECPIS) as described above, the retard correction on/off flag F/ 
NEFB changes from "0" to "1" at the time the rotational speed NE of the internal combustion engine 1 increases to the 
preset rotational speed (NOBJ + NECPIS). Even if the rotational speed NE of the internal combustion engine 1 does 

15 not increase to the preset rotational speed (NOBJ + NECPIS) due to the properties of the fuel used by the interna! 
combustion engine 1, the retard correction on/off flag F/NEFB changes from "0" to "I" when the elapsed time after the 
start of the internal combustion engine 1, i.e., the CWU elapsed time T/CWU, reaches the predetermined value TPI- 
DIGST. 

[0114] After the value of the retard correction on/off flag F/NEFB changes, i.e., after the ignition timing control rota- 
20 tional speed F/B control process is to be carried out, the target rotational speed NE/CWU calculated in STEP11-4 
gradually decreases from the preset rotational speed (NOBJ + NECPIS) to the idling rotational speed NOBJ at a pre- 
determined decremental rate according to the equation (1). After the target rotational speed NE/CWU is reduced to 
the idling rotational speed NOBJ, the target rotational speed NE/CWU is maintained at the idling rotational speed 
NOBJ. This time-dependent changing pattern of the target rotational speed NE/CWU is indicated by the broken-line 
25 curve in the lower diagram section of FIG. 2. 

[0115] In STEP11-8, the ignition timing control means 15 determines the present value of the retard correction on/ 
off flag F/NEFB. If F/NEFB = 1 , i.e., if the ignition timing control rotational speed F/B control process is to be carried 
out, then the value of an integral term l/IGCWU(n-1) ("n" indicates the present control cycle and "n-1" indicates the 
preceding control cycle) calculated when the retarded angle corrective quantity IG/CPID is determined by the PI control 
30 process according to the ignition timing control rotational speed F/B control process in the preceding control cycle, is 
stored as the value of a parameter l/IGX in STEP11-9. The retarded angle corrective quantity IG/CPID and the integral 
term l/IGCWU are initialized to "0" in the start mode process (STEP3-2). 

[0116] Then, the ignition timing control means 15 determines a coefficient parameter (so-called proportional gain) 
KPIGCWU relative to a proportional term and a coefficient parameter (so-called integral gain) KIIGCWU relative to an 

35 integral term, for determining the retarded angle corrective quantity IG/CPID according to the PI control process, from 
the present value of the command value IGLOG for the ignition timing (the command value IGLOG determined in the 
preceding control cycle) using predetermined data tables shown in FIGS. 12 and 13, in STEP 11 -10. 
[0117] In the data table shown in FIG. 12, the coefficient parameter KPIGCWU relative to the proportional term is 
constant irrespective of the command value IGLOG for the ignition timing. In the data table shown in FIG. 13, the 

40 coefficient parameter KIIGCWU relative to the integral term is basically smaller as the command value IGLOG for the 
ignition timing is more retarded. 

[0118] After determining the coefficient parameters KPIGCWU, KIIGCWU depending on the present value of the 
command value IGLOG for the ignition timing, the ignition timing control means 15 calculates a proportional term PI 
IGCWU(n) and an integral term l/IGCWU(n) for determining the retarded angle corrective quantity IG/CPID(n) in the 
45 present control cycle according to the PI control process, using the difference (NE/CWU - NE) between the present 
target rotational speed NE/CWU and the detected value of the rotational speed NE, and the coefficient parameters 
KPIGCWU, KIIGCWU determined in STEP11-10 according to the following equations (2), (3) in STEP11-11: 

P/IGCWU(n) = KPIGCWU (NE/CWU - NE) (2) 



l/IGCWU(n) = KMGCWU (NE/CWU - NE) + l/lGCWU(n-1) (3) 

55 [0119] In STEP11-1, the ignition timing control means 15 adds the proportional term P/IGCWU(n) and the integral 
term !/IGCWU(n) to each other, calculating the retarded angle corrective quantity IG/CPID(n) in the present control 
cycle according to the following equation (4): 
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IG/CPID(n) = P/IGCWU(n) + l/lGCWU(n) (4) 

[0120] The ignition timing control means 15 then limits, in STEP11-12, upper and lower limits of the retarded angle 

5 corrective quantity IG/CPID and the integral term l/IGCWU that have been determined in STEP11-11 , after which the 
process of calculating the retarded angle corrective quantity IG/CPID in the present control cycle is finished. The limiting 
process in STEP11-12 is a process of forcibly limiting the retarded angle corrective quantity IG/CPID to a predetermined 
upper limit or a predetermined lower limit if the retarded angle corrective quantity IG/CPID has exceeded the upper 
limit or the lower limit. The limiting process in STEP11-12 also limits the integral term l/IGCWU in a similar manner. 

10 [0121] If F/NEFB = 0 in STEP11-8, i.e., if the ignition timing control rotational speed F/B control process is not to be 
carried out, then the ignition timing control means 15 sets the values of the retarded angle corrective quantity IG/CPID 
(n) and the integral term l/IGCWU(n) in the present control cycle to "0" in STEP11-13. Thereafter, the process of 
calculating the retarded angle corrective quantity IG/CPID in the present control cycle is finished. 
[0122] The retarded angle corrective quantity IG/CPID thus calculated in STEP11-11 is added to the normal ignition 

15 timing IGBASE for thereby retarding the ignition timing. The retarded angle corrective quantity IG/CPID is basically of 
a negative value. Specifically, when the amount of intake air is increased by the intake air quantity control means 13, 
the rotational speed NE of the internal combustion engine 1 tends to rise from the idling rotational speed NOBJ. There- 
fore, the retarded angle corrective quantity IG/CPID determined according to the PI control process in order to converge 
the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU, i.e., in order to 

20 eliminate the difference (NE/CWU - NE) retards the normal ignition timing IGBASE (makes the ignition timing negative) 
in order to prevent the rotational speed NE of the internal combustion engine 1 from increasing. In the CWU mode, 
therefore, the retarded angle corrective quantity IG/CPID is calculated in the pattern indicated by the broken-line curve 
in the middle diagram section of FIG. 2. 

[0123] In FIG. 2, because the shift lever of the automatic transmission changes from the N (neutral) range to the D 
25 (drive) range while in the CWU mode, the load on the internal combustion engine 1 slightly increases, and the rotational 
speed NE slightly drops from the idling rotational speed NOBJ. As a result, the magnitude (absolute value) of the 
retarded angle corrective quantity IG/CPID after the ranges of the automatic transmission are changed by the shift 
lever is smaller than before the ranges of the automatic transmission are changed by the shift lever. 
[0124] In this embodiment, even if the rotational speed NE of the internal combustion engine 1 does not increase to 
30 the preset rotational speed (NOBJ + NECPIS) due to the properties of the fuel used by the internal combustion engine 
1 , the ignition timing control rotational speed F/B control process is started and the retarded angle corrective quantity 
IG/CPID is calculated in STEP11-11 when the CWU elapsed time T/CWU reaches the predetermined value TPIDIGST. 
In this case, the retarded angle corrective quantity IG/CPID advances the ignition timing (IG/CPID > 0). With the ignition 
timing thus advanced, the rotational speed NE of the internal combustion engine 1 can be increased toward the target 
35 rotational speed NE/CWU. 

[0125] If the CWU on/off flag F/CWUON = 0 (normal mode) in STEP11-1, then the ignition timing control means 15 
determines whether or not the present retarded angle corrective quantity IG/CPID is equal to or greater than "0" in 
STEP11-14. 

[0126] If the present retarded angle corrective quantity IG/CPID is not equal to or greater than "0" (IG/CPID < 0), 
40 then the control system is basically in a situation immediately after its operation mode is changed from the CWU mode 
in which the retarded angle corrective quantity IG/CPID is calculated in STEP11-11 to the normal mode. Then, the 
ignition timing control means 15 calculates the retarded angle corrective quantity IG/CPID(n) in the present control 
cycle by adding a predetermined value DIG/CPI (> 0) to the retarded angle corrective quantity IG/CPID(n-1) in the 
preceding control cycle in STEP11-15. That is, the retarded angle corrective quantity IG/CPID is advanced back by 
45 the predetermined value DIG/CPI in each control cycle. 

[0127] At this time, the upper limit for the retarded angle corrective quantity IG/CPID is "0", and if the calculated sum 
of IG/CPID(n-1) + DIG/CPI is greater than "0", then the retarded angle corrective quantity IG/CPID(n) in the present 
control cycle is set to "0". 

[0128] If IG/CPID > 0 in STEP11-14, i.e., if the operation mode of the control system changes to the normal mode 
so without the calculation of the retarded angle corrective quantity IG/CPID in STEP1 1-1 1 or if the retarded angle corrective 
quantity IG/CPID is returned to "0" in STEP11-15 after the operation mode of the control system changes from the 
CWU mode to the normal mode, then the values of the integral term l/IGCWU, the proportional term P/IGCWU, the 
retarded angle corrective quantity IG/CPID, the retard correction on/off flag F/NEFB, the parameter T/CPIS, and the 
target rotational speed NE/CWU are initialized to "0" in STEP11-16. 
55 [0129] Referring back to FIG. 10, after having calculated the retarded angle corrective quantity IG/CPID as described 
above, the ignition timing control means 15 adds the basic value IGMAP of the ignition timing determined in STEP10-1, 
the corrective value IGHK determined in STEP10-2, and the retarded angle corrective quantity IG/CPID determined 
in STEP10-3, i.e., adds the retarded angle corrective quantity IG/CPID to the normal ignition timing IGBASE (= IGMAP 
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+ IGHK)), thereby determining a command value IGLOG for the ignition timing in the present control cycle in STEP10-4. 
[0130] The command value IGLOG for the ignition timing thus determined, more precisely the command value IGLOG 
for the ignition timing thus while the retard correction on/off flag F/NEFB is being set to "1", is determined in order to 
converge the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU according 
5 to the ignition timing control rotational speed F/B control process which is the feedback control process based on the 
PI control principles. 

[0131] Then, the ignition timing control means 15 limits the command value IGLOG for the ignition timing to a value 
within a given allowable range for normally operating the internal combustion engine 1 (including the ignition unit 10), 
and sets the increase correction flag F/THODEC, in a manner described below, to determine a final command value 
10 for the ignition timing in STEP10-5. 

[0132] As shown in FIG. 14, the ignition timing control means 15 determines an allowable retarded limit IGLGG, 
which is a retarded limit of an allowable range in which the ignition timing can actually be manipulated, depending on 
the present engine temperature TW using a data table in STEP14-1. 

[0133] Then, the ignition timing control means 15 compares the command value IGLOG for the ignition timing de- 
15 termined in STEP10-4 with a given threshold IGX (see FIG. 15) which is more advanced than the allowable retarded 
limit IGLGG by a certain amount, in STEP14-2. If IGLOG £ IGX, indicating that the command value IGLOG is more 
advanced than the threshold IGX (including IGLOG = IGX), then the ignition timing control means 15 sets the increase 
correction flag F/THODEC used in the decision processing of STEP6-3 (see FIG. 6) to "0" in STEP14-3. If IGLOG < 
IGX, indicating that the command value IGLOG is more retarded than the threshold IGX, then the ignition timing control 
20 means 15 sets the increase correction flag F/THODEC to "1" in STEP14-4. 

[0134] Therefore, if the command value IGLOG for the ignition timing determined in STEP10-4 is more advanced 
than the threshold IGX in the present control cycle, then the throttle corrective quantity THO/DEC is kept at the preceding 
value in the process shown in FIG. 6 for determining the command value THO/CWU for the throttle valve opening in 
the CWU mode in the present control cycle. If the command value IGLOG for the ignition timing determined in STEP1 0-4 
25 is more retarded than the threshold IGX in the present control cycle, then the throttle corrective quantity THO/DEC 
corrected to reduce the throttle valve opening by the unit corrective value d/THODEC in the process shown in FIG. 6 
in a next control cycle. 

[0135] After having thus set the increase correction flag F/THODEC, the ignition timing control means 15 compares 
the command value IGLOG for the ignition timing determined in STEP10-4 with the allowable retarded limit IGLGG 
30 determined in STEP14-1 in STEP14-5. If the command value IGLOG is more advanced than the allowable retarded 
limit IGLGG (IGLOG > IGLGG), i.e., if the command value IGLOG is in the allowable range for the ignition timing, then 
the process shown in FIG. 4 is finished (the final command value IGLOG for the ignition timing is set to the value 
determined in STEP 10-4). 

[0136] If the command value IGLOG is more retarded than the allowable retarded limit IGLGG and hence deviates 
35 from the allowable range (IGLOG < IGLGG), then the ignition timing control means 15 forcibly limits the final command 
value IGLOG for the ignition timing to the allowable retarded limit IGLGG in STEP 14-6. Then, the ignition timing control 
means 15 forcibly resets the present value l/IGCWU(n) of the integral term in the PI control process to the preceding 
value !/IGCWU(n-1) stored as the value of the parameter l/IGX in STEP11-9 in STEP14-7. The value of the integral 
term l/IGCWU in the PI control process is now kept at the present value (the value in the preceding control cycle) if 
40 the command value IGLOG for the ignition timing determined in STEP10-4 is more retarded than the allowable retarded 
limit IGLGG. 

[01 37] The controller 2 then supplies the final command value IGLOG for the ignition timing determined by the ignition 
timing control means 1 5 to the ignition unit 1 0, which then ignites the air-fuel mixture in the internal combustion engine 
1 according to the supplied ignition timing IGLOG. 

45 [0138] Based on the above ignition timing control, in the CWU mode, when the rotational speed NE reaches the 
preset rotational speed (NOBJ + NECPIS) or the CWU elapsed time T/CWU reaches the predetermined value TPI- 
DIGST after the start of the internal combustion engine 1, the retarded angle corrective quantity IG/CPID for the ignition 
timing is determined according to the PI control process in order to converge the rotational speed NE to the target 
rotational speed NE/CWU (which is finally the idling rotational speed NOBJ) which is established as described above. 

50 Basically, the ignition timing of the internal combustion engine 1 is manipulated according to the command value IGLOG 
for the ignition timing which is produced by correcting the normal ignition timing IGBASE with the retarded angle cor- 
rective quantity IG/CPID. Stated otherwise, the ignition timing of the internal combustion engine 1 is manipulated ac- 
cording to the feedback control process based on the PI control principles (the ignition timing control rotational speed 
F/B control process) in order to converge the rotational speed NE of the internal combustion engine 1 to the target 

55 rotational speed NE/CWU (finally to the idling rotational speed NOBJ). 

[0139] At this time, the amount of intake air introduced into the internal combustion engine 1 has been made greater 
than in the normal idling mode, according to the command value THO/CWU for the throttle valve opening determined 
in the feed-forward control process as described above, so that the rotational speed NE of the internal combustion 
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engine 1 tends to rise from the idling rotational speed NOBJ. As a consequence, the retarded angle corrective quantity 
IG/CPID becomes a corrective quantity for regarding the ignition timing (IG/CPID < 0) as indicated by the broken-line 
curve in the middle diagram section of FIG. 2. The ignition timing IGLOG is thus manipulated so as to be retarded as 
indicated by the solid-line curve in the middle diagram section of FIG. 2. 

5 [0140] If the operation mode of the control system changes from the CWU mode to the normal mode (the CWU is 
canceled) as when the accelerator pedal is pressed while the internal combustion engine 1 is operated in the CWU 
mode, then the magnitude (absolute value) of the retarded angle corrective quantity IG/CPID determined in the CWU 
mode is gradually reduced finally to "0" (the processing of STEP 11 -15) as indicated in the right-hand area of the middle 
diagram section of FIG. 2. Consequently, the ignition timing IGLOG returns gradually to the advanced normal ignition 

w timing IGBASE after the CWU mode is canceled. 

[0141] According to the operation of the control system as described above, since the amount of intake air introduced 
into the internal combustion engine 1 is increased and the ignition timing of the internal combustion engine 1 is retarded 
in the CWU mode after the start of the internal combustion engine 1, the amount of heat generated by the internal 
combustion engine 1, i.e., by the combustion of the air-fuel mixture, and hence the amount of heat contained in the 

15 exhaust gases are made greater than when the internal combustion engine 1 is idling normally. As a result, the tem- 
perature of the catalytic converter 3 quickly increases, quickly activating the catalytic converter 3. Thus, the desired 
purifying capability of the catalytic converter 3 after the start of the internal combustion engine 1 can be achieved at 
an early stage, and the exhaust emission capability of the internal combustion engine 1 can be improved. 
[0142] While the amount of intake air introduced into the internal combustion engine 1 is increasing, the retarded 

20 angle corrective quantity IG/CPID is generated according to the feedback control process based on the PI control 
principles (the ignition timing control rotational speed F/B control process) in order to converge the rotational speed 
NE of the internal combustion engine 1 to the target rotational speed NE/CWU (finally to the idling rotational speed 
NOBJ), and the ignition timing is corrected so as to be retarded by the retarded angle corrective quantity IG/CPID. In 
this manner, the rotational speed NE of the internal combustion engine 1 can be maintained at an appropriate level 

25 (basically, the idling rotational speed NOBJ). 

[0143] For manipulating the ignition timing in the CWU mode, the ignition timing control rotational speed F/B control 
process is started after the rotational speed NE of the internal combustion engine 1 is increased to the preset rotational 
speed (NOBJ + NECPIS) which is higher than the idling rotational speed NOBJ that is the final target value for the 
rotational speed NE of the internal combustion engine 1. Rather than setting the target rotational speed NE/CWU to 

30 the idling rotational speed NOBJ immediately after the start of the ignition timing control rotational speed F/B control 
process, the target rotational speed NE/CWU is gradually reduced from the preset rotational speed (NOBJ + NECPIS) 
to the idling rotational speed NOBJ. In this fashion, the ignition timing is prevented from being abruptly retarded in an 
initial stage after the start of the ignition timing control rotational speed F/B control process, but the rotational speed 
NE of the internal combustion engine 1 can be converged to the idling rotational speed NOBJ while stabilizing the 

35 operation of the internal combustion engine 1 . 

[0144] In the ignition timing control rotational speed F/B control process, the value of the coefficient parameter Kl- 
IGCWU relative to the integral term l/IGCWU for determining the retarded angle corrective quantity IG/CPID according 
to the PI control process is established depending on the present value of the command value IGLOG for the ignition 
timing, i.e., the ignition timing which is being presently manipulated, using the data table shown in FIG. 13. As a result, 

40 the feedback gain of the ignition timing control rotational speed F/B control process is smaller as the ignition timing 
being manipulated is more retarded, and greater as the ignition timing being manipulated is more advanced. 
[0145] Therefore, with the ignition timing being retarded relatively largely (the rate of a change of the rotational speed 
NE to a change of the ignition timing is relatively large), the change in the retarded angle corrective quantity IG/CPID 
calculated according to the equations (2) - (4) when the difference (NE - NE/CWU) between the rotational speed NE 

45 and the target rotational speed NE/CWU is changed is held to a relatively small value. Thus, the rotational speed NE 
of the internal combustion engine 1 is prevented from being excessively varied, but can stably be converged to the 
target rotational speed NE/CWU. 

[0146] Conversely, with the ignition timing being advanced (the rate of a change of the rotational speed NE to a 
change of the ignition timing is relatively small), the change in the retarded angle corrective quantity IG/CPID calculated 
50 when the difference (NE - NE/CWU) between the rotational speed NE and the target rotational speed NE/CWU is 
changed is of a value sufficient for converging the rotational speed NE to the target rotational speed NE/CWU. Thus, 
the rotational speed NE of the internal combustion engine 1 can quickly be converged to the target rotational speed 
NE/CWU. 

[0147] In this embodiment, for increasing the amount of intake air introduced into the internal combustion engine 1, 
55 the basic value THO/CTBL (see FIG. 7) for the throttle valve opening is established depending on the engine temper- 
ature TW at the start of the internal combustion engine 1 , which is indicative of the temperature of the catalytic converter 
3 at the start of the internal combustion engine 1. Therefore, the amount of heat generated by the internal combustion 
engine 1 is made suitable for the temperature of the catalytic converter 3 at the start of the internal combustion engine 
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1 , so that the temperature of the catalytic converter 3 can appropriately be increased and the catalytic converter 3 can 
appropriately be activated. 

[0148] In an initial stage of increasing the amount of intake air introduced into the internal combustion engine 1 
(immediately after the start of the internal combustion engine 1), the throttle valve opening and hence the amount of 
5 intake air are increased according to the pattern of time-dependent changes between the times 0 - 11 of the basic value 
corrective coefficient KM/CWU shown in FIG. 9 for thereby smoothly stabilizing the combustion of the air-fuel mixture 
in the internal combustion engine 1 immediately after it starts to operate. 

[0149] Upon elapse of a certain time after the amount of intake air starts increasing (at the time t2 in FIG. 9), the 
throttle valve opening defining the basic increase for the amount of intake air, more specifically the basic throttle valve 

10 opening (= THO/CWU-KM/CWU) determined by the basic value THO/CWU and the basic value corrective coefficient 
KM/CWU, is gradually reduced with time in the pattern of the time table shown in FIG. 9. Basically, therefore, it is 
possible to prevent the rotational speed NE from tending to rise due to a reduction in the friction of various components 
of the internal combustion engine 1 as the internal combustion engine 1 becomes warmer, without having to retard the 
ignition timing more than necessary. 

15 [0150] While the ignition timing is feedback-controlled to converge the rotational speed NE of the internal combustion 
engine 1 to the target rotational speed NE/CWU according to the PI control process (with the retard correction on/off 
flag F/NEFB being set to "1"), if the command value IGLOG for the ignition timing determined in STEP10-4 is more 
retarded than the threshold IGX, then the throttle valve opening THO is reduced from the basic throttle valve opening 
(= THO/CWU-KM/CWU) determined from the basic value THO/CWU and the basic value corrective coefficient KM/ 

20 CWU, thus reducing the increase in the amount of intake air. This offers advantages which will be described below 
with reference to FIG. 15. It is assumed that the command value IGLOG for the ignition timing determined in STEP10-4 
while the retard correction on/off flag F/NEFB is being set to "1" is referred to as a "feedback command value IGLOG". 
FIG. 15 shows time-dependent changes in the rotational speed NE (actual rotational speed) of the internal combustion 
engine 1 , the throttle valve opening THO, and the feedback command value IGLOG for the ignition timing by solid-line 

25 curves respectively in upper, middle, and lower diagram sections. 

[0151] The manner in which the friction of various components is lowered as the internal combustion engine 1 be- 
comes warmer is affected by not only the engine temperature TW, but also various factors including the amount of the 
lubricant, the lubricant temperature, etc. Therefore, after the internal combustion engine 1 starts to operate, the friction 
may be lowered more quickly than expected or the friction may be lowered to more largely than expected. In such a 

30 case, if the throttle valve opening THO is controlled only by the basic throttle valve opening (= THO/CWU KM/CWU) 
determined from the basic value THO/CWU and the basic value corrective coefficient KM/CWU, the rotational speed 
NE of the internal combustion engine 1 tends to rise from the target rotational speed NE/CWU, as indicated in an area 
A in the upper diagram section of FIG. 15, and the feedback command value IGLOG for the ignition timing approaches 
the allowable retarded limit IGLGG, as indicated in an area B in the lower diagram section of FIG. 1 5. If the increasing 

35 tendency of the rotational speed NE continues as indicated by the imaginary line "a" in upper diagram section of FIG. 
15, the feedback command value IGLOG for the ignition timing eventually becomes more retarded than the allowable 
retarded limit IGLGG, as indicated by the imaginary line "b" in lower diagram section of FIG. 1 5. If the feedback com- 
mand value IGLOG for the ignition timing, i.e., the command value IGLOG for the ignition timing determined in order 
to converge the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU, is 

40 more retarded than the allowable retarded limit IGLGG, then the ignition timing which the controller 2 actually supplies 
to the ignition unit 10 is limited to the allowable retarded limit IGLGG, as described above. In such a situation, however, 
the increasing tendency of the rotational speed NE cannot be suppressed, and the rotational speed NE will increase 
greatly from the target rotational speed NE/CWU, as indicated by the imaginary line "a" in the upper diagram section 
of FIG. 15. 

45 [0152] According to the illustrated embodiment, however, if the feedback command value IGLOG for the ignition 
timing becomes more retarded than the threshold IGX which is slightly more advanced than the allowable retarded 
limit IGLGG, then as long as such a situation continues, the throttle valve opening THO is reduced from the basic 
throttle valve opening (THO/CWU-KM/CWU) based on the basic value THO/CWU and the basic value corrective co- 
efficient KM/CWU, by the unit corrective value d/THODEC in each control cycle (see an area C in the middle diagram 

so section of FIG. 15). Stated otherwise, the increase in the amount of intake air determined by the basic value THO/ 
CWU and the basic value corrective coefficient KM/CWU is corrected so as to be reduced by an amount corresponding 
to the unit corrective value d/THODEC for the throttle valve opening. In this case, since the unit corrective value d/ 
THODEC for the throttle valve opening is established depending on the engine temperature TW (the warmed state of 
the internal combustion engine 1) at the time the internal combustion engine 1 starts to operate, the increase in the 

55 amount of intake air can be reduced in a manner to match the reduction in the friction in the internal combustion engine 1. 
[01 53] When the increase in the amount of intake air is thus reduced, the increasing tendency of the rotational speed 
NE is suppressed. As a result, after the feedback command value IGLOG for the ignition timing becomes more retarded 
than the threshold IGX, the feedback command value IGLOG is prevented from changing to a more retarded value. 
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Therefore, the feedback command value IGLOG for the ignition timing is basically advanced back without being retarded 
to the allowable retarded limit IGLGG, as indicated in an area D in the lower diagram section of FIG. 15. Inasmuch as 
the throttle valve opening THO which defines the increase in the amount of intake air is gradually reduced from the 
basic throttle valve opening (THO/CWUKM/CWU) based on the basic value THO/CWU and the basic value corrective 
5 coefficient KM/CWU, by the unit corrective value d/THODEC, the increase in the amount of intake air is also gradually 
reduced. Thus, the command value IGLOG for the ignition timing determined to converge the rotational speed NE to 
the target rotational speed NE/CWU is prevented from changing abruptly. 

[0154] Accordingly, the feedback command value IGLOG for the ignition timing which is determined in order to con- 
verge the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU basically 
10 remains more advanced than the allowable retarded limit IGLGG, and does not change abruptly. As a result, the ignition 
unit 10 can be operated without fail according to the feedback command value IGLOG to converge the rotational speed 
NE of the internal combustion engine 1 stably to the target rotational speed NE/CWU. 

[0155] In this embodiment, when the feedback command value IGLOG for the ignition timing reaches the threshold 
IGX as it returns from a value more retarded than the threshold IGX to an advanced value, the throttle corrective 

15 quantity THO/DEC (which is of a value produced by integrating the unit corrective value d/THODEC in each control 
cycle while the feedback command value IGLOG for the ignition timing is returning from the value more retarded than 
the threshold IGX to the threshold IGX) is held to the present value (determined in the preceding control cycle). After 
the feedback command value IGLOG for the ignition timing reaches the threshold IGX as it returns to the advanced 
value, the throttle corrective quantity THO/DEC for the basic throttle valve opening (THO/CWU- KM/CWU) is held to a 

20 constant value without further increasing, unless the command value IGLOG for the ignition timing changes to a value 
more retarded than the threshold IGX (see an area E in the middle diagram section of FIG. 15). 
[0156] Consequently, the increase in the amount of intake air is prevented from being reduced unnecessarily to 
reduce the amount of heat generated by the internal combustion engine 1 , and the activation of the catalytic converter 
3 is prevented from being delayed. 

25 [0157] In this embodiment, if the feedback command value IGLOG for the ignition timing changes to a retarded value 
beyond the allowable retarded limit IGLGG due to an abrupt reduction in the load on the internal combustion engine 
1 , for example, then the value of the integral term l/IGCWU in the PI control process is maintained to offer the advan- 
tages which will be described below with reference to FIG. 16. FIG. 16 shows time-dependent changes in the rotational 
speed NE (actual rotational speed) of the internal combustion engine 1 , the throttle valve opening THO, and the feed- 

30 back command value IGLOG for the ignition timing by solid-line curves respectively in upper, middle, and lower diagram 
sections. 

[0158] When the load on the internal combustion engine 1 is abruptly reduced, e.g., when the automatic transmission 
coupled to the internal combustion engine 1 changes from the D range to the N range while the friction in the internal 
combustion engine 1 is being reduced relatively largely, the rotational speed NE tends to rise largely as indicated in 
35 an area F in the upper diagram section of FIG. 16. In this case, the increasing tendency of the rotational speed NE 
cannot immediately be suppressed by reducing the increase in the amount of intake air. As a result, the feedback 
command value IGLOG for the ignition timing abruptly changes to a retarded value beyond the allowable retarded limit 
IGLGG as indicated in an area G in the lower diagram section of FIG. 16. 

[0159] If the integral term l/IGCWU is continuously calculated and updated in the PI control process even after the 
feedback command value IGLOG changes to a retarded value beyond the allowable retarded limit IGLGG, then since 
the integral term l/IGCWU represents the integral of the difference (NE - NE/CWU) between the rotational speed NE 
and the target rotational speed NE/CWU with respect to time, the value of the integral term l/IGCWU increases. There- 
fore, the feedback command value IGLOG that is determined using the value of the integral term l/IGCWU is of a value 
more retarded than the allowable retarded limit IGLGG, as indicated by the imaginary line "c" in the lower diagram 

^5 section of FIG. 16. Therefore, the increasing tendency of the rotational speed NE is thereafter suppressed as the 
throttle valve opening THO is reduced (see the middle diagram section of FIG. 16), and even when the rotational speed 
NE then tends to decrease, as indicated by an area H in the upper diagram section of FIG. 16, it takes a certain time 
for the feedback command value IGLOG to return to a value more advanced than the allowable retarded limit IGLGG, 
as indicated by the imaginary line "c" in the lower diagram section of FIG. 16. As a result, the decreasing tendency of 

50 the rotational speed NE cannot quickly be suppressed, and the rotational speed NE is liable to drop greatly from the 
target rotational speed NE/CWU, as indicated by the imaginary line "d" in the upper diagram section of FIG. 16. 
[0160] In the present embodiment, however, when the feedback command value IGLOG goes to a retarded value 
beyond the allowable retarded limit IGLGG, the integral term l/IGCWU is held to the value at this time, as indicated in 
an area I by the dot-and-dash-line curve in the lower diagram section of FIG. 16. Therefore, the feedback command 

55 value IGLOG changes, as indicated in an area J in the lower diagram section of FIG. 16, according to only the propor- 
tional term P/IGCWU (see the broken-line curve in the lower diagram section of FIG. 16) that is proportional to the 
difference (NE - NE/CWU) between the rotational speed NE and the target rotational speed NE/CWU in each control 
cycle (in the area J, the actual ignition timing of the internal combustion engine 1 is limited to the allowable retarded 
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limit IGLGG). Therefore, the feedback command value IGLOG does not change to a value much more retarded than 
the allowable retarded limit IGLGG. Therefore, when the increasing tendency of the rotational speed NE is thereafter 
suppressed as the throttle valve opening THO is reduced (see the middle diagram section of FIG. 16), and when the 
rotational speed NE then tends to decrease, as indicated in the area H in the upper diagram section of FIG. 16, the 

5 feedback command value IGLOG returns quickly to a value more advanced than the allowable retarded limit IGLGG, 
as indicated in the area J in the lower diagram section of FIG. 16. As a result, the actual ignition timing of the internal 
combustion engine 1 can be controlled according to the feedback command value IGLOG which is more advanced 
than the allowable retarded limit IGLGG. Consequently, the decreasing tendency of the rotational speed NE can quickly 
be suppressed, allowing the rotational speed NE to converge to the target rotational speed NE/CWU, as indicated in 

10 an area K in the upper diagram section of FIG. 16. 

[0161] The control system according to the illustrated embodiment cancels the CWU mode or does not operate in 
the CWU mode if the internal combustion engine 1 is to drive a load, such as for propelling the vehicle or energizing 
the air-conditioning unit, or if the rotational speed NE or the engine temperature TW of the internal combustion engine 
1 is too high or low, or if the period of time for which the internal combustion engine 1 operates in the CWU mode 

15 exceeds the predetermined limit time TCWULMT Therefore, the internal combustion engine 1 can have a desired 
ability to drive a load, and an excessive load is prevented from being posed on the internal combustion engine 1 and 
the catalytic converter 3. 

[0162] When the CWU mode is canceled, the process of increasing the amount of intake air introduced into the 
internal combustion engine 1 is immediately canceled, the throttle valve opening is made depending on the manipulated 

20 quantity of the accelerator pedal, and the ignition timing is gradually returned to its original advanced value. Therefore, 
the vehicle can start to be propelled, i.e., the load can start to be driven by the internal combustion engine 1 , by smooth 
operation of the internal combustion engine 1 depending on the manipulation of the accelerator pedal. 
[0163] The ignition timing is manipulated in the CWU mode by increasing the amount of intake air and correcting the 
ignition timing to converge the rotational speed NE, which is achieved as a result of the increased amount of intake 

25 air, of the internal combustion engine 1 to the target rotational speed NE/CWU. As a result, the ignition timing is ma- 
nipulated into an advanced value by the retarded angle corrective quantity IG/CPID matching the amount of intake air 
without being affected by a delay in the change in the amount of intake air due to the control of the throttle valve opening. 
[0164] Consequently, the process of increasing the amount of intake air to quickly activate the catalytic converter 3 
and the manipulation of the ignition timing can be performed independently of each other. Particularly, the manipulation 

30 of the ignition timing can be performed according to the feedback control process based on only the rotational speed 
NE of the internal combustion engine 1. Accordingly, the control system may be rendered simple while achieving 
required controllability. 

[0165] In the embodiment described above, the retarded angle corrective quantity IG/CPID for the ignition timing for 
converging the rotational speed NE of the internal combustion engine 1 to the target rotational speed NE/CWU is 
35 determined according to the PI control process. However, the retarded angle corrective quantity IG/CPID may be 
determined according to a PID (proportional plus integral plus derivative) control process which takes into account a 
derivative term as well as a proportional term and an integral term. 

[0166] In the above embodiment, only the coefficient parameter KIIGCWU of the integral term in the PI control process 
is varied depending on the command value IGLOG for the ignition timing in order to variably set up the feedback gain 

40 of the ignition timing control rotational speed F/B control process. However, the feedback gain of the ignition timing 
control rotational speed F/B control process may variably be established by varying the coefficient parameter KPIGCWU 
of the proportional term or the coefficient parameters KPIGCWU, KIIGCWU of both the proportional and integral terms 
dependent on the command value IGLOG for the ignition timing. If the retarded angle corrective quantity IG/CPID is 
determined according to the PID control process, then the feedback grain may variably be established by also varying 

45 the coefficient parameter relative to the derivative term dependent on the command value IGLOG for the ignition timing. 
At any rate, those coefficient parameters may specifically be established by way of experimentation and simulation in 
such a tendency that the feedback gain is smaller as the ignition timing is more retarded, in view of the stability and 
quick response of the control process for converging the rotational speed NE of the internal combustion engine 1 to 
the target rotational speed NE/CWU. 

50 [01 67] In this embodiment, the amount of intake air is controlled by the throttle valve actuator 1 2. However, the throttle 
valve may be linked to the ordinary accelerator pedal, and the amount of intake air may be controlled by controlling 
the rate of an air flow through the bypass passage. In this case, a flow control valve for controlling the rate of an air 
flow through the bypass passage may have flow rate characteristics capable of achieving the amount of intake air that 
is necessary in the present invention. The opening of the flow control valve for increasing the amount of intake air may 

55 be established in the same manner as with the throttle valve opening THO as described in the above embodiment. 
[0168] Although a certain preferred embodiment of the present invention has been shown and described in detail, it 
should be understood that various changes and modifications may be made therein without departing from the scope 
of the invention, which is defined by the appended claims. 
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Claims 

1 . An apparatus for controlling an internal combustion engine which emits exhaust gases through a catalytic converter, 
comprising: 

5 

intake air quantity control means for increasing an amount of intake air introduced into the internal combustion 
engine when the internal combustion engine is idling after the internal combustion engine starts to operate, 
to a level greater than when the internal combustion engine is idling normally; 

ignition timing control means for generating a command value for ignition timing of the internal combustion 
10 engine according to a feedback control process in order to converge a rotational speed of the internal com- 

bustion engine to a predetermined target rotational speed after the amount of intake air introduced into the 
internal combustion engine starts being increased, and manipulating the ignition timing of the internal com- 
bustion engine based on the generated command value for ignition timing; and 

means for variably establishing a feedback gain of said feedback control process depending on the ignition 
15 timing manipulated by said ignition timing control means. 

2. An apparatus according to claim 1 , wherein said means for variably establishing a feedback gain comprises means 
for establishing the feedback gain such that the feedback gain is smaller as the ignition timing is more retarded. 

20 3. An apparatus according to claim 1 or 2, wherein said feedback control process comprises a proportional plus 
integral control process, and said means for variably establishing a feedback gain comprises means for varying 
the value of at least one of a coefficient parameter of a proportional term which is proportional to the difference 
between an actual rotational speed of the internal combustion engine and said target rotational speed, and a 
coefficient parameter of an integral term proportional to an integral of said difference, for thereby variably estab- 

25 lishing said feedback gain. 

4. An apparatus according to claim 1 or 2, further comprising: 

target-rotational-speed setting means for setting said target rotational speed by varying said target rotational 
speed from a preset rotational speed to an idling rotational speed after the rotational speed of the internal com- 
30 bustion engine has reached said preset rotational speed which is higher than said idling rotational speed after the 

amount of intake air introduced into the internal combustion engine has started being increased by said intake air 
quantity control means. 

5. An apparatus according to claim 1 or 2, wherein said intake air quantity control means comprises means for de- 
35 termining an increase in the amount of intake air introduced into the internal combustion engine while the internal 

combustion engine is idling normally, depending on the temperature of the catalytic converter when the internal 
combustion engine starts to operate, according to a feed-forward control process, and manipulating the amount 
of intake air introduced into the internal combustion engine according to the determined increase. 

40 6. An apparatus according to claim 5, wherein said intake air quantity control means comprises means for determining 
said increase in order to gradually increase said increase with time immediately after the amount of intake air 
introduced into the internal combustion engine has started being increased. 

7. An apparatus according to claim 5, wherein said intake air quantity control means comprises means for determining 
45 said increase in order to gradually reduce said increase with time upon elapse of a predetermined time after the 

amount of intake air introduced into the internal combustion engine has started being increased. 

8. An apparatus according to claim 5, wherein said intake air quantity control means comprises means for correcting 
said increase so as to reduce said amount of intake air when the command value for the ignition timing generated 

50 by said ignition timing control means according to the feedback control process is more retarded than a predeter- 

mined threshold which is more retarded than the ignition timing within a predetermined allowable range for the 
ignition timing in which said interna! combustion engine is capable of operating normally 
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FIG. 2 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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FIG.10 
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